
RD-A173 486 MOLECULAR CHARACTERISTICS OF ME BRANE GLUTAMATE /
RECEPTOR-IONOPHORE INTERACTION(U) KANSAS UNIV LAWRENCE
E K MICHAELIS 29 RUG 96 ARO-i959? 5-LS DRR029-03-K-065

UNCLASSIFE NO O E FiG 613 ML



wa ag

,u SA,,.'

1 1.25211111m U Js 32

M IC R O C O P Y R E O U I N T ES T C H A R T "

NATIONAL BUREAU OF STANARDS- 963A

l~ll [0 - -

ala 
A'

ll.,.,:
II~ll3

11111



AA .

UNCLASSIFIEDS ---.

SIECUMITY CLASSIFICATION OF THIS PAGE ("Orl. 00t0 Efnfiged)RADISRCOS

REPORT DOCUMENTATION PAEBEIORF COMPLETING FORAL
. RPOT MUMMER 

I2GV CESO O RECIPIEN'S CATALOG NUMBEM

4 PR-4 ig sg'7. -*________
£ ITLE(ndSeiie S TYPE OF REPORT 4 PERIOD COVERED

Q0 Molecular characteristics of membrane glutamate Final
S receptor-ionophore interaction PEIOMNOR.EcTURR

Ap ril I1, 1983 - June 30, 198E
AUTNORfg) S. CONTRACT OR GRANT NuMDER(a)

Elias K. Michaelis ARO contract number
DAAG29-83-K-0065

PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK
I%4~~ AREA & WORK UNIT NUMBERS .

University of Kansas, Lawrence, KS 66045

4 CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U.S. Army Research Office Aug. 29, 1986
Post Office Box 12211 73 UBRO AE

Research Triangle Park, NC 27709 NU 7RO AE

,Al. MONITORING AGENCY NAMIE a AODRELSS(I different from Controlling Office) IS. SECURITY CLASS. (of this report)

Unclassified
I5. DECL ASS$ FICATION/ DOWNGRADING

SCHEDULE

1S. DISTRIBUTION STATEMENT (of ths. Report)

Approved for public release; distribution unlimited.

OCT 2 31986V
17. DISTRIBUTION STATEMENT (of tA. abstract entered in Black 2Q. it different froe. Report)

SO. SUPPLEMENTARY NOTES

The view, opinions, and/or findings contained in this report are those of the llj
author(s) and should not be construed as an official Department of the Army

c position, policy, or decision, unless so designated by other documentation.

III. -KEY WORDS (Confilan . rae..s adds if n@COSSV and idenltify ofy OioCit -06fe)

~Lc acmi< d, lutamate binding rotein, recept rinophore, synaptic

% 0acids, antibodies, spider venom, receptor inhibitors.$
CD,

:n 21L AEmr*ACr rigwcnl fee .. wee ot If ,mrgrggy ad Identify by block niwb..)

t ANDPlease see continuation pages

*47 73 EDlMO'OVIOSLT UNCLASSIFIEl___

8 08 0 ECUm"TY CLASSIFIC ATION 601 fTIS PAGF (Who. Dflea Emote.d)

86 10 800



UNCLASSIFIED_____

S .cuT Vr CL A,,I CAT00, OF THIS PAC. fUWh,,.- .. It o..f _d)

2.ABSTRACTdfinnthmarmA
objectives h rejectfsupported by the ARO

cotac hown above40ate those of def i ni the macromolecule or .1

macromcules~ that function as the glutamate receptor in *ynatpic P
membranes of brain neurons, of demonstrating that functional

reconstitution of thes sites in a membrane bilayer can be accomplished,
and of studying the molecular topography of these sites in such

membranes. The studies performed during the tenure of this contract

have led to the isolation of a glutamate binding protein from bovine as
well as rat brain synaptic membranes, and a complete biochemical
characterization of both proteins. Furthermore, antibodies have been
raised against these two proteins, and the antibodies against the bovine
brain protein have been used in extensive immunochemical and
immunocytochemical studies. The immunochemical studies have revealed a
high degree of specificity of theme antibodies that is associated with a

selective inhibition by the antibodies of both glutamate binding to the
isolated protein and glutamate-induced ion flux. Substantial progress
ham been made in the immunohistochemical labeling of neurons with these
antibodies and In tracing the labeled sites at the light and electron
microscopic level. Concurrently, a series of studies has been performed
to develop the methodology for the reconstitution of a glutamate
receptor-like function in liposoms and for the functional
reconstitution of a partially or completely purified glutamate binding

protein These studies have led to a successful reconstitution of a
glutamate-stimulated ion flux response in such liposomes with a highly

purified preparation of the glutamate binding protein. It is our
opinion hat we have obtained good initial evidence to suggest that the
glutama e binding protein that we have isolated is related to some type
of rec ptor activity in brain neurons. '.9
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FOREWORD

An important area of current scientific investigation is the exploration
of the nature of the receptors for the excitatory transmitter L-glutauic
acid. Based on our current knowledge, L-glutamate is the most wide-spread
excitatory system in brain tissue and is thought to be involved in abnormal
neurological states such as the appearance of seizures, the neurological

damage men in cerebral ischemia, and possibly the neurological damage
associated with such disease states as Huntington's chores and Alzheimer's
dementia. In addition, glutamate receptors may be the target for either the
primary or secondary actions of various neurotoxins. It is for these reasons
that many investigators are exploring the mechanisms of activation of the
glutamate receptors in the central nervous system of mammals and attempting
to develop approaches for the inhibition or modulation of the activity of
these receptors.

STATEMENT OF THE PROBLEM STUDIED

The area of ivestigation that we have pursued is related to the
molecular characterization of the protein that may be functioning as the
receptor site for L-glutamate and for other neuroexcitatory amino acids and
toxins. The approaches that we have followed in our studies were:

a) Isolation and characterization of a glutamate binding protein from
both bovine and rat brain synaptic membranes.

b) Characterization of the activation of glutamate receptor-like
responses, i.e. ion flux activation by glutamate and other excitatory
amino acids, in synaptic membranes, in liposome-reconstituted proteins
from synaptic membranes, and in liposome-reconstituted preparations of
the isolated glutamate binding protein.

c) Development of antibodies against the glutamate binding protein and
use of these antibodies to define the distribution and function of this
protein, including the elucidation of the molecular topography of the
binding protein..

SUMMARY OF THE MOST IMPORTANT RESULTS

a) Isolation and characterization of a brain glutamate binding protein

A glutamate binding protein has been purified in our laboratory from
both rat and bovine brain synatpic membranes. Both proteins have been
purified to homogeneity as revealed by the fact that a single protein species
was obtained on SDS gel electrophoresis, a single protein species was seen on
isoelectric focusing, and a single NH terminal amino acid (tyrosine) was
detected for both proteins. Co-electrophoresis of these two proteins in SDS
gel systems yields a single protein band, i.e. these two proteins are
indistinguishable by this procedure. Under conditions for optimal
determination of their binding activity, both proteins exhibit similar
constants for glutamate binding. These results have been described in two
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publications and the dissertation of Dr. V. L. Chittenden (see lint of
publication.).

b) Characterization of glutamate receptor-like responses in synaptic
membrane. and in liposome-recongtituted protein preparations.

Functionality of glutamate and other excitatory amino acid receptors in
defined by their ability to increase membrane permeability for Na* following
exposure of theme preparations to the amino acids. In our studies we have
demonstrated that L-glutamate and other excitatory amino acids, such as D- -V
glutamate, kainate, ibotenate, quisqualate, and NN, increase the
persabiliq of synaptic membranes to the flux of Na. This increased
influx of Na was associated with a membrane depolarizing event a55-
determined by the change in distribution of the lipophilic probe [ S]SCN-.
On the basis of our results with the SCN probe we have concluded that the
receptors activated by the excitatory amino acid NMDA either are different
molecular entities or they reside in a different population of membranes than
the L-glutamate or kainate activated receptors. This conclusion was based on
our observation that whereas L-glutamate and kainate-activated ion flux was
not an additive process, the NMDA and L-glutamate-activated ion flux were

additive. This would suggest that kainate and glutamate may be sharing
either common receptor sites or common ion channel complexes, whereas NMDA
receptors may be distinct molecular entities. The results of these studies
are described in the publication by Chang, Michaelis and Roy (1984).

In more recent studies we have found that we can solubilize synaptic
membranes in the presence of excess lipid (asolectin) and that under these
conditions we can preserve not only ligand binding activity but also
glutamate-induced activation of ion flux. The optimal conditions for the
reconstitution of the glutamate activated ion flux response include in
addition to the excess lipid presence, the use of non-ionic detergents and
the removal of such detergents following solubilization by incubation of the
preparations with the polystyrene matrix, Biobeads. Under these conditions
of solubilization-reconstitution, 23X of the solubilized synaptic membrane
protein is reconstituted into the liposomes and in 80-90X of the experiments
we have obtained functional reconstitution of glutamate and kainate-sensitive
Na flux responses. The detergent-solubilized and lipid-protected protein
preparations can be processed further for the purification of the glutamate
binding protein. We hfve consistently observed excellent reconstitution of
glutamate-activated Na flux activity following the chromatographic isolation
of a fraction highly enriched in glutamate binding activity. -'

Our initial studies indicated the presence of at least some small %

quantity of the small molecular weight glutamate binding protein that we had
purified previously from rat and bovine brain. However, in most of our most .. *

recent studies we have seen enrichment of a protein complex of molecular
veight in the range of 60-70 kDa associated with the fractiont that exhibited ..-..
highest glutamate binding activity and glutamate-activated Na flux (Stormann
and Michaelis, unpublished observations). These observations were
interpreted in two ways, that either the small molecular weight (-
glutamate binding protein was not related to the glutamate receptor-ion
channel complex or that the small M protein vas a proteolytic degradation
fragment of a larger molecular weight protein. This issue vill be addressed
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in the succeeding paragraphs.

c) Development of antibodies against the glutamate binding protein and
use of the antibodies as molecular probes.

The glutamate binding protein purified from bovine brain was used to
develop antisera against this protein. The specificity of the antimera was
examined by the enzyme-linked immunoassay procedure (ELISA). The anti-
binding protein antisera were found to be highly selective for this glutamate
binding protein, showing essentially no cross-reactivity against any of the
other glutamate-metabolizing enzymes, except for a low level of cross-
reactivity against glutamate decarboxylame. These observations have been
described in publications by Roy and Nichaelis, 1984, Roy et al., 1985,
Nichaelis et al., 1986, and in the dissertation by S. Roy.

The anti-glutamate binding protein antibodies did not have any effect on
either glutamate transport carriers in synaptic membranes or depolarization-
activated glutamate releasing sites in synaptic membranes. However, the
antibodies did inhibit glutamate binding to the purified protein and
glutamate activation of Na flux. These antibodies also inhibited kainic
acid induced ion flux as well as quisqualate-induced flux, albeit that the
inhibition of these two putative receptor-ion channel complexes was 40-60
times less sensitive than the inhibition of ion flux produced by L-glutamate.
The antibodies had no effect on the ion flux brought about by the other major
excitatory amino acid, NNDA. Based on these observations we have concluded,
once again, that the L-glutamate, kainate and quisqualate receptor complexes
ay be related macromolecular entities, whereas the NNDA receptors detected

"* in our assays are probably different macromolecular species.

In our most recent studies using immunoblotting procedures, we have
found that the antibodies that we have raised react very strongly with a
synaptic membrane protein of estimated molecular weight equal to 70 kDa on
SDS gel electrophoresis. This protein is rather readily degraded by
proteolytic enzymes to the 15 kDa protein that we had previously identified
as the glutamate binding protein. We have recently purified the 70 kDa
protein in the presence of five rpotease inhibitors and have shown that the J-
completely pure, homogeneous protein is a 68-70 kDa glutamate binding
protein. The ligand binding characteristics of this protein are identical to
those we had previously described for the smaller N protein. In addition,
when this 70 kDa protein is reconstituted into liposomes exhibits excellent
responses to glutamate in initiating Na flux. Finally, this protein has no
glutamate metabolizing activity. Our current investigations are focused on %
demonstrating the relationship of this 70 kDa protein to the intact glutamate
receptor complex in synaptic membranes and to the previously identified
small Mr glutamate binding protein.

CONCLUSIONS

We believe that our studies may yield the first complete purification of
an excitatory amino acid receptor protein that may be used to model studies
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on the activity of theme very important brain transmitters. In addition, ye
feel that we are at the threshold of developing the techniques for using this
glutamate binding protein in screening or detection systems for the
evaluation of the toxicity of neurochemical toxins and other lethal or
incapacitating agents.
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